Abstract. This study was designed to determine the levels of survivin expression and identify its clinical significance as a prognostic factor for stage III non-small cell lung cancer (NSCLC). A total of 210 cases of stage III NSCLC were collected and the expression levels of survivin and vascular endothelial growth factor A (VEGF-A) in tumor tissues were investigated using immunohistochemistry (IHC). 
Introduction
Despite its declining incidence, non-small cell lung cancer remains the most common type of malignancy in Northern China. The estimated overall 5-year survival rate is only 16% (1) . The development of new treatment modalities, diagnostic technologies and preventive approaches requires an improved understanding of the molecular mechanisms of lung cancer. Therefore, the study of molecular markers to identify risk factors associated with the prognosis of NSCLC and to develop a more aggressive treatment is required.
Survivin, the smallest member of the inhibitor of apoptosis (IAP) gene family (2) , is a 142-amino-acid, 16.5-kDa protein encoded by a single-copy gene located on the human chromosome 17q25. Survivin has been demonstrated to be involved in the regulation of cell proliferation, apoptosis and angiogenesis in cancer (3, 4) . Increased survivin expression has been observed in a variety of human neoplasms, including colorectal, breast and rectal cancer, ovarian carcinoma and lymphoma (3, (5) (6) (7) . Multiple pathways of transcription and post-transcription control the expression of survivin, particularly in tumor cells. Survivin is one of the relatively few genes that is actively repressed by wild-type p53 (8, 9) . Certain developmental gene expression pathways, including Notch, characterize the survivin gene for differential expression in transformed cells, which is related to tumorigenesis (10) . In addition, insulin-like growth factor I/mTOR signaling has been reported to upregulate survivin through rapid changes in mRNA translation (11) . Previous studies have reported various rates of expression, but little is known about the prognostic value of survivin. Therefore, in the present large case study, we performed statistical analyses to determine the significance of survivin and vascular endothelial growth factor A (VEGF-A) expression in stage III NSCLC, and the association between survivin expression and clinical outcome.
Patients and methods

Patients and samples.
A total of 210 patients with pathologically proven stage III NSCLC, who underwent potentially curative tumor resection at the Third Hospital of Harbin Medical University, Harbin, China between 2002 and 2004, were included in this study. The study was approved by the Harbin Medical University Ethics Committee. The patients had received neither chemotherapy nor radiation therapy prior to surgery. The patients included 130 males and 80 females, of mean age 59.8 years (range, 35-76 years). All the specimens were confirmed as NSCLC following pathological diagnosis. Routinely processed formalin-fixed, paraffin-embedded blocks containing the principal tumors were selected. Serial sections (4 µm) were prepared from the cut surface of tumor blocks at the maximum cross-section of the tumor.
Immunohistochemical (IHC) staining for survivin and VEGF-A.
IHC staining for survivin and VEGF-A antigen was conducted using the standard streptavidin-peroxidase-biotin technique (SP technique) using an SP kit (Zhongshan Co., Beijing, China). Paraffin sections (4 µm) were deparaffinized in xylene and then rehydated through graded alcohol. Hydrated autoclave pretreat-ment was carried out by boiling for 5 min in citrate buffer (10 mM, pH 6.0). After endogenous peroxidase was quenched in 3% hydrogen peroxide and blocked for 10 min, the sections were incubated overnight at 4˚C with a primary polyclonal antibody (Neomarkers) at a 1:200 dilution. Biotinylated immunoglobulin and streptavidin-conjugated peroxidase were then added. Finally, 3,3'-diaminobenzidine was used for color development, and hematoxylin was used for counterstaining. Negative control slides processed without primary antibody were included for each staining. The mean percentage of positive tumor cells was determined in at least five areas at magnification x200 for survivin and VEGF-A. They were scored as follows: (0) <5; (1) 5-25; (2) 26-50; (3) 51-75; and (4) >75%. The intensity of immunostaining was scored as follows: 1+, weak; 2+, moderate; and 3+, intense. The scores indicating the percentage of positive tumor cells and the staining intensities were multiplied together to calculate a weighted score for each case. Cases with weighted scores 0-1 were defined as negative; while the other cases were defined as positive.
Statistical analysis. All statistical analyses were performed using SPSS 13.0 software. Associations between survivin expression and clinicopathological parameters were analyzed by the χ 2 test. The coincident expression of survivin and VEGF-A protein in the NSCLC tissues was analyzed using Spearman's correlation analysis. The survival curves were plotted according to the Kaplan-Meier method and determined by the log-rank test. Univariate and multivariate regression analyses were performed with the Cox proportional hazards regression model to analyze the independent factors related to prognosis. P<0.05 was considered to indicate a statistically significant difference.
Results
Association between survivin expression and clinicopathological parameters in NSCLC.
The correlation between survivin expression and clinicopathological factors of NSCLC Table I . Correlation between survivin expression and clinicopathological factors. are shown in Table I . The expression of survivin was significantly associated with the tumor size (P=0.015), but had no significant correlation with age, gender, lymph node metastasis, smoking, histological type or pathological stage.
Expression of survivin and VEGF-A in NSCLC.
The staining of survivin and VEGF-A was mainly localized in the cytoplasm (Fig. 1) rate of patients with survivin-positive cancer was significantly lower than patients with survivin-negative cancer (15.2 vs. 33.7%, respectively; P=0.002) ( Fig. 2A) . In addition, VEGF-A positive cancer was associated with poor prognosis (Fig. 2B) . The univariate analysis demonstrated that survivin, tumor size, lymph node metastasis and VEGF-A expression were significantly correlated with survival time (Table III) . Multivariate analysis with logistic regression was performed on factors related to prognosis, and the expression of survivin, VEGF-A and lymph node metastasis were identified as independent predictive factors of poor prognosis (Table IV) .
Discussion
Along with the development of more aggressive surgery and new antineoplastic agents, efforts have been made to identify patients who have a high risk of poor prognosis, as patients with the same stage NSCLC can have different risks of recurrence and survival.
Survivin is a recently discovered IAP, which is undetectable in the majority of normal adult tissues, but is overexpressed in a variety of human neoplasms, including colorectal, uterine, esophageal, bladder and liver cancer. This suggests that reactivation of the survivin gene frequently occurs in cancer (3). Survivin is a protein that is cell cycle-regulated with a robust increase in the G2/M phase in cancer cells (12, 13) . Survivin is known to be overexpressed and related with more aggressive behavior, increased tumor recurrence, chemotherapy resistance and increased survival in various tumors (6, (14) (15) (16) (17) (18) (19) (20) (21) . As a prognostic factor, survivin expression is significantly associated with a poor clinical outcome in certain types of cancer, including liver (2), colorectal and breast (3, 6) . In this large case study, it was identified that expression of the survivin protein in NSCLC tissues was positively correlated with tumor size, suggesting that survivin is significant in NSCLC evolution. Our results demonstrated that in stage III NSCLC patients, the 5-year survival rate of the NSCLC patients with survivin overexpression was significantly lower than that of NSCLC patients with survivin low-expression; this was significantly associated with poor survival. In addition, survivin expression was the independent prognostic factor for stage III NSCLC cancer. Our results demonstrated that detection of survivin protein expression in the tumor tissue could predict the prognosis of stage III NSCLC patients. Tumor growth and development is a complex multistep process, while angiogenesis is an essential step for tumor growth, playing a critical role in tumor invasion and metastasis (22) . Vascular endothelial growth factor (VEGF) is considered to be the main growth-stimulating factor in tumor-related angiogenesis. In esophageal, pancreatic and colorectal cancer, VEGF overexpression was significantly correlated with poor patient prognosis, in accordance with other malignancies (23, 24) . In malignant pleural mesothelioma, the serum level of VEGF has been reported to be significantly correlated with poor survival of patients (25) . Our study revealed that in patients with stage III NSCLC, overexpression of VEGF-A in NSCLC tumor tissue was significantly correlated with a decreased 5-year survival rate. The 5-year survival rate in patients with VEGF-A overexpression was significantly worse than that of patients with VEGF-A low-expression. These results indicate that VEGF-A may be signficant in local recurrence and metastasis through the induction of angiogenesis in NSCLC. VEGF-A expression could be a valuable marker for prognosis prediction in stage III NSCLC.
Moreover, we found that overexpression of survivin was significantly positively correlated with overexpression of VEGF-A in stage III NSCLC. To date, survivin expression appears to be regulated by growth factors, cytokines, hormones, anticancer agents and kinase inhibitors. The anti-apoptotic properties of VEGF-A and IL-11 appear to mediate the induction of survivin in endothelial cells (13) . It has been revealed that VEGF-A is markedly associated with the expression of survivin in hepatocellular cancer (26) , thyroid carcinoma (27) and breast cancer (28) . Recently, it has been considered that the induction of survivin expression by VEGF-A employs a PI3K/Akt pathway in neuroblastoma cells (29) . Consistent with these findings, we found a significantly positive correlation between survivin and VEGF-A expression in NSCLC.
Results from our multivariate analysis indicated that survivin and VEGF-A expression in NSCLC tissues were strong independent factors of poor prognosis (Table IV) . These results indicated that co-analysis of VEGF-A and survivin protein expression were valuable for prognosis evaluation of an NSCLC patient.
Since the role and prognostic significance of survivin in various types of cancer were discovered, different types of survivin molecular antagonists have been studied (30) . Further investigation, however, concerning this is required. In conclusion, our study demonstrates that survivin expression is associated with tumor size in stage III NSCLC. The expression of survivin is consistent with expression of VEGF-A in NSCLC; it was correlated with a poor prognosis of stage III NSCLC. Increased systemic treatments or targeted antagonists of survivin and VEGF-A are required for cases overexpressing survivin and VEGF-A. 
